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Prevention of extremity war wound infection remains a clinical challenge. Staphylococcus aureus is the 
most common pathogen in delayed infection. We hypothesised that choice of wound dressings may 
affect bacterial burden over 7 days reflecting the current practice of delayed primary closure of wounds 
within this timeframe. 

A randomised controlled trial of 3 commercially available dressings (Inadine® (Johnson & Johnson, NJ, 
USA), Acticoat® (Smith & Nephew, Hull, UK), Activon Tulle (Advancis Medical, Nottingham, UK)) was 
conducted in a rabbit model of contaminated forelimb muscle injury. A positive control group treated 
with antibiotics was included. Groups were compared to a saline soaked gauze control. The primary 
outcome was a statistically significant reduction (p < 0.05) in tissue S. aureus at 7 days post-injury. 
Secondary outcome measurements included bacteraemias, observational data, whole blood determina¬ 
tion, ELISA for plasma biomarkers, PCR array analysis of wound healing gene expression and muscle/ 
lymph node histopathology. 

Antibiotic, inadine and Acticoat groups had statistically significant lower bacterial counts (mean 7.13 
[95% Cl 0.00-96.31] x 10 2 ; 1.66 [0.94-2.58] x 10 5 ; 8.86 [0.00-53.35] x 10 4 cfu/g, respectively) and 
Activon Tulle group had significantly higher counts (2.82 [0.98-5.61] x 10 6 cfu/g) than saline soaked 
gauze control (7.58 [1.65-17.83] x 10 5 cfu/g). There were no bacteraemias or significant differences in 
observational data or whole blood determination. There were no significant differences in muscle/loss or 
pathology and lymph node cross-sectional area or morphology. There were some significant differences 
between treatment groups in the plasma cytokines IL-4, TNFa and MCP-1 in comparison to the control. 
PCR array data demonstrated more general changes in gene expression in the muscle tissue from the 
Activon Tulle group than the Inadine or Acticoat dressings with a limited number of genes showing 
significantly altered expression compared to control. 

This study has demonstrated that both Acticoat® and Inadine® dressings can reduce the bacteria 
burden in a heavily contaminated soft tissue wound and so they may offer utility in the clinical setting 
particularly where surgical treatment is delayed. 

Crown Copyright © 2014 Published by Elsevier Ltd. All rights reserved. 


* Corresponding author at: c/o Dr Sarah Watts, Biomedical Sciences Department, 
Building 245, Defence Science and Technology Laboratory, Porton Down, Wiltshire 
SP4 OJQ, United Kingdom. 

E-mail addresses: hugoguthrie@doctors.org.uk (H.C. Guthrie), 
sawattsl@dstl.gov.uk (S.A. Watts). 

http://dx.doi.Org/10.1016/j.injury.2014.05.007 

0020-1383/Crown Copyright © 2014 Published by Elsevier Ltd. All rights reserved. 


Introduction 

Over 400 UK military and civilian personnel have been killed as 
a result of hostile action in Afghanistan since 2001 [1 ] and many 
more have been injured. The majority of these casualties are the 
result of the improvised explosive devices used ubiquitously by 
insurgents in recent conflicts [2,3], The extremities are the most 
commonly injured anatomical regions in war accounting for 
between half [2] and two thirds of all wounds [3]. Most of these 
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extremity wounds are penetrating soft tissue wounds but around a 
quarter involve a fracture; of which the vast majority are open 
fractures [2], Studies of high-energy, complex and heavily 
contaminated wounds have identified high rates of infectious 
complications [4,5] and eventual osteomyelitis [6] which may be a 
result of the initial contamination or subsequent contamination 
during staged evacuation and treatment at medical facilities of 
increasing sophistication. 

The microflora of war wounds evolves over time [7] and 
historical studies have demonstrated both seasonal [8] and 
geographic [9-11] variation. During the recent conflicts in Iraq 
and Afghanistan it is become clear that Gram-positive organisms 
dominate the initial contamination [12] and largely reflect 
bacterial carriage in the population at risk [13], Gram-negative 
organisms are then more prevalent in early wound colonization 
[14,15] or primary infection [16,17] and finally Staphylococcus 
aureus is identified in the majority of delayed infectious 
complications [15] which result in further surgery, delayed 
rehabilitation and worse functional outcome. 

Frequently war wounds are anatomically complex and seen in 
physiologically vulnerable servicemen whose evacuation to the 
next level of care (where further surgical debridement can be 
carried out) cannot be guaranteed due to ongoing hostilities. For 
these reasons military surgeons cannot rely on a single surgical 
debridement, however expertly performed, to eradicate all initial 
bacterial contamination and of course prevent subsequent 
contamination. Therefore the evidence based use of adjuncts to 
surgery, such as wound dressings, is an important area of research 
and practice. Given the heterogenous nature of war wounds and 
the presence of multiple confounding variables such as poly¬ 
microbial contamination, multiple injury, haemorrhagic shock, 
massive blood transfusion and the effect of blast injury we believe 
that a clinical randomized controlled trial of war wound dressings 
would be extremely challenging to perform and may not answer 
the research question. 

In order to investigate the effect of wound dressings on this 
most clinically significant microorganism the Defence Science and 
Technology Laboratory first developed an animal model of a S. 
aureus contaminated extremity war wound [18] and then 
conducted a 48 h randomized controlled trial of antimicrobial 
wound dressings [19]. This trial reproduced the common scenario 
where contamination persists despite current management 
strategies and assessed whether the ‘residual’ bacterial load could 
be reduced by dressings alone and whether there was any injurious 
effect associated with their use. 

The aim of the current trial was to assess the antimicrobial 
efficacy of commercially available wound dressings which have all 
been used or are being considered for use by the UK military by 
extending the time frame to reflect the current clinical practice of 
delayed primary closure of clean viable war wounds at around 5-7 
days after injury [20-22], We tested the hypothesis that wounds 
treated with gauze dressings impregnated with iodine (Inadine®), 
silver (Acticoat®) or Manuka honey (Activon Tulle) will have 
significantly lower S. aureus counts after 7 days than a control 
group treated with saline soaked gauze dressings. In addition, we 
evaluated the potential harmful effects of the dressings via 
assessment of plasma biomarkers and tissue pathology and 
molecular biology. 

Materials and methods 

Study design and ethics 

This trial was conducted under a license issued by the UK Home 
Office under the authority of the Animals (Scientific Procedures) 
Act 1986. A local ethical review board approved the work and 3R’s 
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Fig. 1 . Muscle injury jig. The isolated muscle is held between the jaws of the injury 
clamp. The weight held in place by an electronically controlled magnet on release 
the weight falls to the level of the stopper which pushed down on the clamp. The 
protection plate and design of the injury clamp ensure only the isolated muscle is 
injured. 


principals were adhered to. A power calculation based on the 
earlier trial suggested that 6 animals in each group would be 
sufficient to detect a statistically significant difference in bacterial 
count, which was the primary outcome in this study. Secondary 
outcome measurements included bacteraemia, animal behaviour, 
weight change, temperature, whole blood determination, plasma 
and tissue markers of inflammation and repair and muscle and 
lymph node histopathology. 

Surgical, injury and microbiological technique 

A detailed description of the surgical and microbiological 
methodology has been reported previously by this group [18 j. 

Briefly, groups of skeletally mature female New Zealand White 
(NZW) rabbits (3.87 kg, 4.73-3.12 kg) were randomized to each of 
5 test groups. 

Under general anaesthesia the flexor carpi ulnaris (FCU) muscle 
belly was surgically isolated and injured using the bespoke jig 

(Fig- !)• 

Following injury the FCU muscle belly was directly inoculated 
with a challenge dose of 10 6 colony forming units (CFU) of S. aureus 
(National Collection of Type Culture 4163) using a pipette. 

A subcutaneous injectable non-steroidal anti-inflammatory 
was administered (4 mg/kg Carprofen - Rimadyl, Pfizer, Sandwich, 
UK) and repeat doses were administered daily for the remainder of 
the study. (This drug was given to reduce the post-injury pain 
associated with traumatic injury. Reducing the incidence of 
lameness with the use of an analgesic reduced the overall severity 
of the procedure as well as ensuring that adverse effects such as 
infection, if present, was more easily determined.) 

A subcutaneous Implantable Programmable Temperature 
Transponder (IPTT, Biomedic Data Systems Inc., Delaware, USA) 
was inserted between the scapulae. 

The rabbits remained anaesthetized and monitored for 3 h 
prior to application of randomized test dressing (described 
below) and a support bandage was applied prior to recovery 
from anaesthesia. 
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Twice daily temperature and behaviour scores for each animal 
were recorded. 

In contrast to the previous study at 2 days post injury the 
animals underwent a dressing change under anaesthesia. 

As previously described at the end of the experiment (7 days 
post injury in this instance) the animals were sacrificed by 
overdose of intravenous Phenobarbital sodium (Dolethan 
200 mg/ml, Vetoquinol, Buckingham, UK) and post-mortem 
blood and tissue samples were retrieved. Tissue samples 
included the FCU muscle belly, skin and axillary lymph nodes 
from both the injured and contralateral limbs to facilitate 
comparative analysis. The FCU muscle belly was divided 
longitudinally and sent for histopathological and quantitative 
microbiological assessments (bacterial counts). 

Wound swabs were taken immediately post-injury, 3 h post 
inoculation, at the 2 day dressing change and on completion of the 
trial. These swabs were processed using a plate-spread technique. 
Additionally post mortem blood samples were incubated in 
nutrient broth (Oxoid, Cambridge, UK) and sub-cultured. 

Homogenized centrifuged muscle samples were analyzed using 
a modified serial dilution and drop plate technique described by 
Herigstad [23], This modification of the serial dilution and drop 
plate technique was also used to verify the challenge dose. All 
samples, wound swabs, homogenized muscle and blood were 
incubated on no-selective blood agar and selective chromogenic 
agar plates (S. aureus ID (SAID) bioMerieux UK Ltd., Basingstoke, 
UK). 

Dressings 

Inadine® (Johnson & Johnson, NJ, USA), Acticoat® (Smith & 
Nephew, Hull, UK), Activon Tulle (Advancis Medical, Nottingham, 
UK), sterile saline (Sodium Chloride 0.9% (w/v) Aquapharm Nol, 
Animalcare Ltd., York, UK) soaked gauze. A further sterile saline 
soaked gauze dressing group was additionally provided daily sub¬ 
cutaneous Enrofioxacin 10 mg/kg (Baytril, Bayer Corporation, 
Newbury, UK) to act as a positive control group. 

Histopathology 

Tissue samples were fixed in 10% neutral buffered formalin, 
dehydrated through graded alcohols, cleared in chloroform and 
xylene and impregnated with paraffin wax. Specimens stained 
with haematoxylin and eosin were examined using light micros¬ 
copy (AxioScope, Carl Zeiss, Welwyn Garden City, UK) and images 
captured with a digital camera (AxioCam, Carl Zeiss, Welwyn 
Garden City, UK). 

The severity of muscle necrosis/loss was subjectively assessed 
by comparing the stained sections from the injured limb with 
the corresponding sections from the uninjured limb with score 
of 0 to 4 recorded (0 = not present, 1 = <25%, 2 = 25-50%, 3 = 50- 
75%, 4 = >75%). A subjective semi-quantitative scoring criterion 
was developed to grade pathology in muscle. The incidence of 
haemorrhage, inflammatory cell infiltration and muscle tissue 
fibrosis was recorded (0 = not present, 1 = moderate or 2 = se¬ 
vere). 

The ‘Magic Wand’ tool of photoshop (Adobe, San Jose, USA) was 
used to determine the size of lymph nodes from digital images of 
600 dpi resolution acquired from stained lymph node sections 
using a flatbed scanner (Hewlett Packard, Palo Alto, USA). Lymph 
node morphology was scored using a subjective semi-quantitative 
criteria based on degree of lymphocyte proliferation through the 
regions of the lymph nodes (0 = normal, 1 = lymphocyte prolifera¬ 
tion within well defined primary nodules, 2 = proliferation beyond 
primary follicles into cortex, 3 = proliferation throughout LN 
(primary follicles indistinct from cortex, but medullary regions 


still well defined), 4 = extensive lymphocyte proliferation through¬ 
out cortex and medullary regions - regions indistinct). 

Haematology 

Whole blood was collected into Ethylenediaminetetra-acetic 
acid (EDTA) coated tubes for whole blood determination (Advia 
120 with multi-species function, Siemens Healthcare, Frimley, UK) 
prior to surgery, 3 h post-injury, at the 2 day dressing change and 
on completion of the study at 7 days. 

Molecular biology 

At 7 days post-injury whole blood was collected into Lithium 
Heparin tubes for assessment of biomarkers in plasma by ELISA. 
After mixing the blood was centrifuged and the supernatant 
(plasma) removed and stored at -80 °C until needed. ELISAs were 
carried out (duplicate wells per sample) as per the manufacturer’s 
instructions (Cusabio Ltd., Hubei Province, China). Plates were read 
at 450 nm with a reference reading taken at 540 nm. 

For PCR array analysis of wound healing gene expression post¬ 
mortem muscle samples (approx. 0.5 cm 3 ) were placed into 1 ml 
RNAlater™ (Ambion Inc.) and stored as per the manufacturer’s 
instructions. RNA was extracted using a hybrid Trizol®/Qiagen 
RNeasy® protocol. Total RNA was quantified using a Nanodrop 
1000 and treated with turbo DNase (Ambion Inc.) as per the 
manufacturer’s instructions whereby its quantity and quality was 
again checked using NanoDrop 1000 and Bioanalyser (Bio-rad). All 
RIN numbers were >8. The target A260/280 ratio was >1.8 and 
<2.1 and the target A260/230 ratio was >1.7. Samples outside of 
this range were cleaned using ethanol precipitation. Subsequently, 
2 p,g RNA was shipped to SABiosciences™ (Hilden, Germany) for 
reverse transcription using the RT 2 First Strand 
Kit (SABiosciences™) followed by the samples being run on the 
rabbit wound healing RT 2 Profiler™ PCR array (PANZ-121, 
SABiosciences™). Data analysis was conducted using the RT 2 
Profiler™ PCR array Excel data analysis tool (SABiosciences™). 

Statistical analysis 

All samples and data were analyzed by personnel blinded to the 
dressings used in each group. Statistical analysis was performed 
using Minitab 16 (Mintab Inc., USA). Microbiology data were 
normalized using a recognized transformation process and the 
mean difference between challenge dose and retrieved bacterial 
counts for each group compared to the control using 2-way 
ANOVA to allow for the observed effect of time as well as the test 
dressing. Plasma cytokines levels at 7 days were compared to 
the control using 1-way ANOVA with Dunnett’s post-test. Non- 
parametric histology data were compared to the control using a 
Kruskal-Wallis test. A p value of <0.05 was considered significant 
for all statistical tests. For the PCR array, data analysis was carried 
out using the RT 2 Profiler™ PCR array Excel data analysis tool 
(SABiosciences™). All five reference genes on the plate were used 
for normalization. The injured muscle gene expression data for all 
the dressings were compared to the levels in the control dressing 
(saline) and the results were displayed on a volcano plot with a 2- 
fold change in gene expression and p < 0.05 being considered 
significant. 

Results 

Microbiology 

The primary outcome of this study was muscle tissue 
quantitative microbiology at 7 days post-injury. The initial power 
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Table 1 

The number of positive S. aureus cultures at each stage of qualitative microbiology - 
figures in parentheses show how many of the positive results were noted to be 
present in low numbers. 



2 day swab 

7 day 
swab 

Control ( 

5 

5(1) 

saline soaked gauze) 

Positive control (antibiotics and saline soaked gauze) 

3(2) 

1 (1) 

Inadine (iodine) 

5 

4 

Activon Tulle (Manuka honey) 

5 

5 

Acticoat (silver) 

5 

2 


Quantitiative microbiology 



Dressing 

Fig. 2. Forelimb muscle tissue bacterial counts at 7 days post-injury. Mean with 95% 
confidence interval. 


There were no bacteria identified on any of the immediate post¬ 
injury wound swabs confirming the cleanliness of the equipment. 
All wound swabs taken at 3 h post-inoculation grew S. aureus. 
Results for wound swabs at 2 and 7 days are shown below 
(Table 1). 

There were no bacteraemias identified on any of the blood 
cultures taken at 7 days. 

Quantitative microbiology results are shown below (Fig. 2). 
Histopathology 

There was extensive muscle loss by comparison to the 
uninjured contralateral FCU muscle in all treatment groups 
but no significant difference in the extent of this between groups. 
There was no significant difference between groups in the 
muscle pathology observed with all samples showing evidence 
of haemorrhage, inflammation and/or necrosis. All samples of 
injured muscle tissue displayed collagen deposition and fibrosis/ 
granulation tissue formation at the periphery of the site of the 
initial injury. All groups had higher cross sectional areas of 
ipsilateral axillary lymph nodes by comparison to nodes taken 
from the contralateral side. However, there were no significant 
differences in cross sectional area of lymph nodes between 
groups. Nor was there a significant difference in lymph node 
morphology between groups. 

Observational 

There were no differences in animal behaviour between groups. 
No animals appeared to be in significant distress throughout the 
study. 

Haematology 


calculation predicted a sample size of 6 animals per group however 
an interim analysis determined that n = 5 was sufficient to 
establish statistical significance for each group. 

One animal in the control group cultured a contaminant at 2 
days, this animal was excluded from the study and repeated. 
Therefore, results from 25 of the 26 animals are included with n = 5 
in each group. 

The positive control, Inadine and Acticoat groups all had 
statistically significant lower bacterial counts (mean 7.13 [95% Cl 
0.00-96.31] x 10 2 ; 1.66 [0.94-2.58] x 10 5 ; 8.86 [0.00-53.35] x 
10 4 cfu/g, respectively) and the Activon Tulle group had significantly 
higher bacterial counts (2.82 [0.98-5.61] x 10 6 cfu/g) than the saline 
soaked gauze control (7.58 [1.65-17.83] x 10 5 cfu/g). 


Neutrophil counts and platelets were elevated above the upper 
limit of the normal range in all groups (data not shown). 

Molecular biology 

There were no appreciable levels of TGF(3, C-reactive protein 
(CRP), procalcitonin (PCT), or IL-1 in the plasma at 7 day post¬ 
injury. Appreciable levels of IL-4, IL-6, MCP-1 and TNFa could be 
measured at the end of the study. There were no significant 
differences in IL-6 plasma level between the groups (data not 
shown). In contrast, animals in the Activon Tulle group had 
significantly higher levels of plasma IL-4 and TNFa compared to 
the saline control (p < 0.05, Fig. 3a and b). Animals treated with 


(a) 



(b) (c) 



Fig. 3. IL-4 (a), TNFa (b) and MCP-1 (c) concentrations in plasma at 7 days post-infection as measured by ELISA. * denotes p < 0.05 one-way ANOVA with Dunnett’s post-test 
compared to saline dressing. 
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Gene 

Fold change 

p value 

CD40L 

6.19 

0.049 

Tissue Factor 

3.27 

0.010 

COX-2 

2.57 

0.024 

PLAU 

-2.13 

0.009 

IGF1 

-2.60 

0.025 

WNT2 

-4.59 

0.038 


Gene 

Fold change 

p value 

IL-2 

4.20 

0.036 

P-catenin 

2.60 

0.023 

WNT1 inducible signaling 
pathway protein 3 

2.14 

0.021 

Collagen, type 1, a2 

-2.50 

0.034 

Tenascin C 

-2.73 

0.013 

MCP-1 

-3.00 

0.044 

WNT2 

-3.81 

0.047 


Inadine® 



Log2(Fold Difference) 



Gene 

Fold change 

p value 

Integrin a6 

2.00 

0.027 


Collagen, type I, a2 -2.08 0.046 


Fig. 4. Gene expression levels of 81 genes in muscle tissue from the injured/infected limb (right) in the Activon, Acticoat® 1 and Inadine® compared to saline control. Genes 
demonstrating significantly different expression to the saline control group are shown in. 


antibiotics also had significantly higher levels of plasma TNFa than 
the saline control (p < 0.05, Fig. 3b). MCP-1 was undetectable in 
the plasma of animals treated with antibiotics and all bar one of the 
animals in the saline control group. Levels of plasma MCP-1 were 
consistently higher in animals treated with the iodine-soaked 
dressing (p < 0.05, Fig. 3c). 

The RT 2 Profiler™ rabbit wound healing PCR array (SABios- 
ciences™) was used to investigate changes in the expression of 
genes associated with stages in the wound healing pathway. The 
results were displayed in a volcano plot which maps out all 81 
genes on the array and their log2 fold difference (x-axis) from 
control. This plot also encompasses the statistical significance of 
the results by plotting p value (y-axis). Gene expression levels were 
measured in muscle tissue from the injured/infected limb (right) 


(Fig. 4) and the uninjured limb (left) (data not shown). As expected, 
levels of all the markers were significantly lower in the uninjured 
leg muscle compared to the injured muscle. The genes achieving 
statistical significance for each dressing are detailed in a table 
below each graph. 

The array data demonstrates that the Activon dressing has 
caused more general changes in gene expression than the Inadine 
or Acticoat dressings. 

Discussion 

This study used an animal model of a S. aureus contaminated 
extremity muscle injury to investigate the anti-microbial efficacy 
of commercially available wound dressings. The primary outcome 
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was quantitative microbiology of the muscle at 7 days post-injury. 
The study demonstrated that iodine (Inadine®) and silver (Acti- 
coat®) dressings applied for 7 post-injury (with a dressing change 
at 48 h post-injury) resulted in a significant reduction in the 
number of bacteria recovered at 7 days compared to saline soaked 
gauze control. However, the magnitude of the effect of the 
dressings was not as great as the administration of systemic 
antibiotics where the bacterial counts were zero in 4 of the 5 
animals. The study also demonstrated that a Manuka honey 
dressing (Activon Tulle) had minimal, if any, anti-bacterial activity 
with significantly greater bacteria present at 7 days compared to 
saline controls. 

The longer duration of this current study compared to the 
previous study by this group (7 versus 2 days) allowed evaluation 
of the clinical significance of the difference in microbiological 
load. This evaluation was undertaken using histopathological 
analysis of muscle tissue and molecular biological analysis of 
blood and muscle tissue however no clear differences were seen 
between groups. 

The design of the study reflects the clinical scenario. The 
extremities are the most common anatomical regions wounded 
in war and S. aureus is the most clinically relevant micro¬ 
organism encountered at the time of initial contamination and 
later infection. The high-energy crush injury and inoculation 
with 10 6 cfu S. aureus models the moment of contaminated 
battlefield injury. The 3-h delay to application of a dressing 
duplicates the clinical timelines to evacuation and first surgical 
treatment currently being achieved in Afghanistan. The dressing 
change at 2 days represents the clinical scenario whereby 
seriously wounded servicemen are evacuated back to the UK 
within 48 h and their wounds are urgently reassessed in an 
operating theatre. The end point of the study after 7 day reflects 
current UK military practice of delayed primary closure of war 
wounds at 5-7 days after injury. 

The dressings selected for inclusion in this trial have all been 
used or are being considered for use by the UK military. They have 
demonstrated antibacterial activity in other studies but there is a 
paucity of literature regarding their use in acute wounds and the 
existing literature reports variable efficacy [24-29] and/or toxicity 
[30-35]. The clinical use of povidine iodine is still contentious and 
a recent WHO report on hand hygiene has indicated contaminated 
iodine antiseptic preparations have resulted in outbreaks of 
pseudomonas infection [36]. A RCT reported that healing 
with Inadine was no worse than either Aquacel or a simple non¬ 
adherent dressing in diabetic patients with venous leg ulcers [37], 
Additionally, Vermeulen et al. [38] have reviewed RCTs that have 
reported iodine use and whilst most of the RCTs are old they 
concluded that there was no evidence to support that iodine 
dressings reduced wound healing. However there are several 
reports from in vitro and animal studies demonstrated toxicity or 
slowed healing [39-42 j. 

It has been proposed that Manuka honey dressings are 
effective due to the high osmolarity created by its sugar content, 
the hydrogen peroxide it releases as the honey comes into 
contact with wound exudates and the effect of poorly understood 
phytochemicals [24], Compounds and dressings containing free 
iodine are effective against bacteria through a combination of 
intra-cellular effects on protein, nucleotide and free fatty acid 
structure and function. In an oxygen charged aqueous media 
bulk silver acts as a catalyst for destructive oxygenation of 
microorganisms [43] and a study investigating the mechanism of 
action of silver ions revealed intracellular deposition of silver 
containing electron-dense granules associated with loss of DNA 
replication and detachment of the cytoplastic membrane from 
the cell wall [44]. Acticoat contains nanocrystalline silver, this 
formulation of silver is reported to increase surface area to 


volume ratios and result in sustained release of silver cations 
with low tissue concentrations of silver. 

As a model of extremity war wounds this study does have some 
limitations. In order to achieve reproducibility and ethical 
acceptability it was not possible to use high-energy penetrating 
trauma as a mode of injury, the injury was simulated using the 
bespoke jig. The study was powered to detect statistically 
significant differences in bacterial counts at 7 days and therefore 
it is likely that the group size is one of the limiting factors for 
the interpretation of the histopathology and molecular biology. 
The other limiting factor in this regard was the relatively short 
duration of the study and a study of wound healing may require a 
study length of at least 14 days. Another limitation to the study 
and interpretation of results is the lack of a non-injured control 
group and an injured but non-contaminated control group. 
Inclusion of these additional control groups would have been 
interesting and may have added to the interpretation of the 
histopathology and molecular biology. These additional groups 
were not necessary for interpretation of the primary outcome 
and so were not included to ensure adherence to the principal of 
the 3R’s, using the minimum number of animals to achieve the 
objective of the study. A recent study has highlighted the 
difficulties of performing a randomized controlled trial (RCT) in 
the most relevant population [45], Although the authors should 
be commended for undertaking the study it demonstrates the need 
for pre-clinical models to evaluate potential therapeutic strategies 
for extremity trauma as patient recruitment was one of the 
limiting factors in the study. 

In the Acticoat group the bacterial counts ranged from 
6.4xl0 2 cfu/g to 7.4xl0 5 cfu/g without any clear outliers. 
The small group size does not permit definitive analysis of data 
within each group but if the bactericidal effect of silver 
nanocrystals relies on fairly intimate contact with the dressing 
(as this dressing is intended to produce low tissue concentrations 
of free silver cations which are readily taken up by chloride ions 
in wound exudates) then one might reasonably expect this 
dressing to be less effective where bacteria are deep within more 
complex war wounds. It has been demonstrated that in burn 
wounds treated with silver sulfadiazine that most of the silver is 
associated with the superficial eschar and very little is absorbed 
into deeper layers [46,47], It may be useful to study the silver 
concentration in different layers of a traumatic wound dressed 
with Acticoat in a similar way. 

Tissue healing and repair following injury is important to 
maximise functional recovery post-injury. Wound healing may be 
complicated if there is bacterial contamination and so in this study 
evaluation of blood and muscle tissue was undertaken to try and 
elucidate whether healing was improved in those animals with 
reduced bacterial counts. There were some statistically significant 
results between groups but the results did not demonstrate that 
any dressing was superior to another in terms of promoting an 
appropriate inflammatory and repair response. 

The molecular biology results from the Activon group 
demonstrate greater inflammation [48,49] and reduced regener¬ 
ation [50-53] compared to the control group. This may be due to 
increased bacterial burden in this group. Although the higher 
plasma IL-4 in the Activon Tulle group compared to control is 
contradictory [54], 

The gene analysis from the Acticoat® group indicated a switch 
from inflammation (downregulation of MCP-1) to wound healing 
[55-57], It is not possible to determine whether these effects are 
directly mediated by the silver ions within the dressing, or are due 
to the reduced bacterial burden, it is perhaps a combination of the 
two. 

The Inadine®’ group showed very few significant gene expres¬ 
sion changes and thus interpretation of results is difficult. The 
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chemokine MCP-1 was significantly raised in the plasma compared 
with saline. Raised systemic levels of MCP-1 have also been shown 
to be associated with the development of heterotropic ossification 
following penetrating trauma [58], It was not possible to 
determine the significance of the changes in plasma cytokines 
and tissue gene expression between the groups. The primary 
outcome of the study was quantitative microbiology at 7 days 
post-injury and so it was not possible to follow the animals to full 
healing. The authors acknowledge that such a study would be 
necessary to evaluate whether the changes indicating poor healing 
versus repair resulting in actual differences in time to healing and 
this should be a consideration for future studies. 

Further work in this area could assess the effect of different 
contaminating bacteria in isolation and/or in combination as war 
wounds are often contaminated with and colonized by several 
species of bacteria. Future studies could develop the wound model 
further either (1) to extend the study timeline to facilitate the 
evaluation of dressings and/or other therapies on wound healing or 
(2) to include a fracture and consider the effect of different modes 
of fracture stabilization on outcome. These follow-on studies are 
currently an aspiration. Other institutions such as United States 
Army Institute of Surgical Research have been active in this field 
and have evaluated other wound therapies in different pre-clinical 
models [59-64] and results from these studies must be evaluated 
prior to continuation and development of the current rabbit model. 

Conclusion 

This study in a small animal model of S. aureus contaminated 
muscle injury demonstrated that both Inadine® and Acticoat® 
significantly reduced the tissue bacterial load compared to a saline 
soaked gauze dressing. The use of these dressings could be 
considered as an adjunct to surgical debridement and systemic 
antibiotics for the treatment of contaminated injuries both on and 
off the battlefield. The use of such anti-microbial dressings may be 
particularly useful when delays in surgery are anticipated such as 
extended evacuation times. In addition, the study has shown that 
in this model Activon Tulle has minimal anti-bacterial activity and 
so its use in a heavily contaminated wound is not recommended. 
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